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Business case: Urban innovations
This business case assesses the existing evidence of
integrated green grey infrastructure (IGGI) measures
that can support wider implementation of integrated
green grey infrastructure in urban and peri-urban
areas. The IGGI measures assessed here are not
typically part of GI policy or are emerging solutions
that can deliver GI solutions in confined urban
spaces where more traditional GI such as parks and
sustainable urban drainage systems are not feasible.
Costs, benefits and measures of the engineering
and ecological performance (called critical success
factors) of a range of IGGI alternatives to traditional,
hard engineered projects are drawn from operational
and research examples across the UK and beyond.
They illustrate the range of IGGI measures and IGGI
solutions that could be applied in cities, housing
developments and light industrial areas in the UK.
The business case contains an overview of what
the measures are, and how and where they can be
implemented. It is aimed at reducing the uncertainties
practitioners have identified when considering GI
innovations, including:
What are they?
Where have they been applied?
What evidence is there to show they work well?
Costs
What are the benefits over business-as-usual?
What measures and solutions are there?
Where are they suitable?
What are the risks?
Approval
What are the wider corporate benefits?
As urbanisation increases, more sustainable
alternatives are being developed to improve the
multifunctionality and resilience of infrastructure and
urban environments. The examples below show
innovative techniques that integrate natural solutions
onto grey infrastructure that can provide additional
benefits compared with traditional grey infrastructure.

What are they?
Urban IGGI measures involve changing operational
practices at design, construction and monitoring
phases to explicitly improve the ecosystem services
and thus the multifunctional capacity of our
infrastructure for society. They are often simple and
inexpensive to design-in or retrofit such as altering
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the structural fabric of assets by replacing traditional
bricks or park benches with microhabitat features;
installing green screens along guard rails and fences
to improve air quality, amenity and ecological value.
We can also alter management plans, e.g. reduced
mowing of verges to encourage pollinators. These
IGGI measures can usefully extend the range of
GI solutions for small urban spaces considered in
citywide, national or international strategies to create,
enhance or link habitats. They have been applied at
any stage, from helping achieve planning consents,
to altering installation practices, designing in and/or
retrofitting habitat enhancement and; modified repair
and maintenance plans.
Through practitioner support, we have identified a
number of critical success factors that are used to
assess the motivation, engineering, geomorphology,
ecosystem services and social value of these IGGI
innovations as well as their policy drivers. Relevant
data, supporting data from other studies and expert
opinion was used to assess how these urban IGGI
innovations perform compared to traditional, grey
engineering solutions.

When in the design/life of an asset can they be
applied?
The measures described here can be applied at
any stage of the design life of infrastructure. Many
have been tested as retrofits or were added-in later
in the design phase of projects, but it may prove
more economical to design them in from the start of
maintenance and/or new build schemes such as the
growing number of initiatives applying GI in small
spaces or to deliver net ecological gain.

Where have they been applied?

Glasgow
Birmingham
Cornwall

London
Kent (A21)
Portsmouth
Isle of Wight

Business Case: Urban Innovations

Evidence Summary
This summary provides an overview of the evidence
derived from the urban case studies and “Art of the
Possible” examples; these are existing IGGI meas-

ures that have been applied across the UK. Many of
the IGGI examples within the historic, mowing and
coastal can also be applied in urban areas.

£
Costs

Ecosystem Services

Engineering

Policy

What do they cost
compared to
business-as-usual?

What evidence do we
have that they deliver
ecosystem service
benefits?

Are there any risks to
design life, inspection
or effects on maintenance regimes?

How does it relate to
policy and guidance?

The costs compared
to business-as-usual
varied by type, with
most being the same
or having some
additional cost over
business-as-usual
(apart from CS-U2 and
AP-U2 which were
less expensive)

Typically to improve
air quality, biodiversity
and/or amenity value
in dense urban areas.
Limited evidence but
could be valuable
GI in more densely
urbanised areas.

If properly designed
and installed there
is little or no impact
on engineering
performance, and
for some examples
there are limited
additional or
alternative inspection/
maintenance
requirements.

They have been
used to help deliver
biodiversity, air quality
and/or net ecological
gain targets; local
development policy
has also been
changed (AP-U4).

LESS - MORE

POSITIVE

NEUTRAL

ACHIEVED

Data Quality

Social

Reputation

Asset Resilience

What is the quality of
the data underpinning
this bundle?

What are the potential
additional social benefits - jobs, cohesion,
education etc.?

How have the
schemes helped
improve public
perceptions?

Is asset resilience
affected, neutral or
improved?

Ecology and air
quality related data
was typically of
moderate data quality
for case studies; other
data types varied.

High potential to
improve urban ecology
(CS-U1, CS-U2),
human wellbeing
(AP-U6) and economic
activity in dense urban
areas.

Improved corporate
reputation and
increased public
support for most
examples. Some
examples were
shortlisted for awards
(CS-U2, AP-U2).

Some examples have
a shorter design life
compared to business
as usual; however
the IGGI measures
were cheaper and
provided more benefits
compared to business
as usual.

MODERATE

UNKNOWN - POSITIVE

NEUTRAL - POSITIVE

UNKNOWN

Benefits Assessment
The evidence summary presented above is
derived from the examples contained in this
bundle, each of which have been assessed using
the Critical Success Factors guidance developed by
this project. The benefits wheels show the benefits
of each critical success factor relative to each other.
They are a combination of ecosystem services and
other important considerations necessary to evaluate
IGGI measures compared to business as usual. More
detailed breakdown of each element of each can be
found below.

Cost
While inclusion of most IGGI measures did increase
direct costs, this was often a small percentage of the
overall construction cost. Some measures had similar
or reduced construction costs, but where maintenance
or repairs may increase compared to grey engineering
options. For these, the whole life costs are likely to be
less or the same as the grey engineering solution (CSC2, AP-U2) but with wider ecosystem service, social
and reputational benefits. All measures were found
to provide (or have the potential to provide) value for
money, with additional value gained from enhanced
ecosystem services, helping meet statutory mitigation
requirements or net ecological gain, by providing
social benefits and/or additional returns compared to
traditional grey engineering.
The IGGI measures presented here can provide cost
effective, multifunctional solutions to long-term and
increasing urban environmental issues such as air
pollution regulation, climate change adaptation and
the need to deliver ecosystem services within cities.
Engineering value
The urban IGGI measures presented here have little
or no negative effects on engineering performance.
Where design life is expected to be shorter than
business as usual grey engineering options (e.g. CSC2, AP-U2), the construction costs were substantively
cheaper for the IGGI option which means the whole
life costs are unlikely to higher when choosing an IGGI
option over a traditional grey engineering approach.
Cultural services
Some IGGI measures were expressly and
successfully designed to improve cultural services
in terms of landscape character (CS-U1), wellbeing
(CS-U4), amenity (CS-U3) or social cohesion (APU3). The cultural service values provided are typically
high for those where this was measured; there is
widespread potential for all urban IGGI measures to
provide cultural services.
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Reputation

Cost
benefit
Engineering
performance /
resilience

Motivation
Provisioning
services

Cultural
services

Supporting Regulating
services
services

Regulating services
The examples presented here have been successfully
designed to provide local scale regulatory services
such as improving local air quality by trapping harmful
pollutants (CS-U3, CS-U4, AP-U6, AP-U7), by
attenuating rainfall runoff (AP-U1) and by reducing the
local impacts of the urban heat island (AP-U7).
Provisioning services
The urban IGGI measures presented here provided
little or no provisioning services. However, there is
potential for these measures to be adapted to target
provisioning services (e.g. edible bus stops).
Supporting services
Several measures have improved habitat for key
pollinators such as bees (AP-U3-5), enhanced
biodiversity compared to grey alternatives (CS-C2,
AP-U1-2) through habitat provision, and also serve
to improve ecological connectivity for priority species
(CS-U1, AP-U1).
Motivation
IGGI measures can provide significant returns on
investment and address the issues that motivated
their implementation (e.g. statutory mitigation), by
providing useful habitat, public engagement, air
quality and/or aesthetic benefits.
Policy
Some innovations have led to changes in local
development policy to require habitat enhancements
(AP-U4), or are now routine practice in urban areas
in Germany (AP-U1). Most examples can be used to
deliver net ecological gain and/or local biodiversity
targets (CS-U2, AP-U2).
Reputation
The ecological and social benefits of these IGGI
measures can help improve the reputation of local
councils, asset and landowners.

Business Case: Urban Innovations

IGGI Measures
IGGI measures showcased in this project were
derived from a combination of expert knowledge,
information requests and searches. UK information
was requested from key project partners including
government agencies and local government staff.
These examples were categorised into detailed,
relatively evidence rich and operationally applied
case studies and ‘Art of the Possible’ examples
which either have limited data or were drawn from
academic research where they have not yet been
applied operationally. Each measure was categorised

and numbered as a case study (CS-U1 to CS-U4) or
‘Art of the Possible’ (AP-U1 to AP-U7). During the
research and data gathering phase of this project,
many innovations were identified that have been
built as urban IGGI. These examples have little or no
data, so are presented as short thumbnail sketches
illustrating what they are and where they have been
built. These are to provide further ideas of the range
of IGGI innovations that are possible and could be
applied more widely than to date.

What measures are there?

Case Studies
Aim of the IGGI

Label

Title

To maintain landscape character and improve ecological connectivity
between areas of high conservation importance.

CS-U1

Green Bridge

To improve the biodiversity value of railway embankment structures;
conversion from industrial waste processing site to more ecologically
valuable use.

CS-U2

Green railway embankment

To intercept and trap vehicular-derived pollutants and protect the
health of road users, particularly pedestrians

CS-U3

Green Screen Guard Rail

To intercept and trap vehicular-derived pollutants and protect the
health of the schoolchildren and staff.

CS-U4

Green Screen School

To install green track beds in order to improve amenity, wildlife,
pollutant trapping and water infiltration.

AP-U1

Green Tram

To replace low-biodiversity hard assets and invasive woody vegetation
with addition of green walls and geotextile membranes in order to
reduce maintenance costs and increase wildlife value.

AP-U2

Green Railway Walls

To create of bee habitat in order to improve community engagement
with the local environment.

AP-U3

Bee Walls

To create habitat for solitary mason and leaf cutting bees.

AP-U4

Bee Bricks

To create of habitat for bees and nectar-providing plants

AP-U5

Bee Benches

To improve of air quality both outside and inside local NHS facility

AP-U6

Trees for Health

Local scale air pollution and urban cooling via a vertical greening
system on street furniture.

AP-U7

City Tree

Art of the Possible
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Business Case: Urban Innovations

IGGI Solutions
IGGI measures from across all four bundles can be
combined in urban landscapes so that greening of the
grey can occur across the landscape from the coast
through our cities and towns to the peri-urban fringe.
For example, at the scale of an individual scheme,

IGGI measures could be combined to improve
ecosystem service provision such as by placing bee
walls (AP-U3) alongside reduced mowing regimes
(Mowing bundle) in order to increase bee populations
and overall biodiversity.

Urban IGGI measures may be combined with each
other or with more established types of green
infrastructure to help optimise the ecosystem services
provided. The London Ecology Masterplan highlighted
in the main report provides a good example of how
IGGI measures could enhance greening planned for
buildings in central London at a strategic scale. The
IGGI measures listed in this bundle can also be used
to help add green features to the growing number of
greet street initiatives that are emerging in the UK
and beyond, and support the Linear Infrastructure
network’s initiative to show how green infrastructure
can enhance infrastructure resilience (Natural
England, 2017). At the scheme scale, it is also
possible to combine IGGI and other GI infrasutructre
to improve benefits such as the installation of bee
benches (AP-U5) around SuDs retention ponds or the
use of green screen guard rails alongside street trees
to capture pollution at a range of heights.

Where are they suitable?
They can be applied in almost any urban or periurban setting has enhancement potential for the
measures contained in this bundle and the associated
mowing bundle. The examples here have been
used in deprived areas to enhance visual appeal, in
aesthetically appealing areas for planning approval,
in polluted areas, in under-used areas to increase
footfall and in very busy areas to reduce the visual
impact of hard-engineered infrastructure.

The diagram below enables visualisation of how
different measures may be combined, and shows
the urban greening benefits that can be achieved by
adding the IGGI measures from the urban and coastal
bundles to help ‘green the grey’.
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What ecological factors need to be considered?
It is important to consider the ecological suitability
of the IGGI measures for a given location and
for different types of urban IGGI assets and their
component materials. Timing of application, the kinds
of species used and maintenance practices can
influence the likely success of greening measures
and their ability to support beneficial biodiversity and/
or to provide regulating services such as air quality
or temperature regulation. Similarly, given that the
measures described in the bundle are primarily
intended to aid conservation of the assets, biodiversity
gains are only a secondary aim and may be generally
limited, but can be locally significant. Further details
of these kinds of considerations are provided on the
risks page of this business case.

How can you get this type of greening approved
for your scheme?
The case studies, art of the possible examples and
policy links provided here can be used to demonstrate
the economic, environmental and social benefits that
can be gained from adding IGGI measures to urban
projects. Each case study and art of the possible
detailed here was designed to help address an issue
of air quality, visual impact, community engagement
and/or biodiversity. Many IGGI measures address
more than one policy area. In offering sustainable,
multi-benefit solutions to issues that are growing
within urban areas (that are also increasing), urban
IGGI measures can help meet a wide range of
policy, plan and guidance goals. For example, they
provide clear evidence of the policies that have been
used to meet local biodiversity targets (CS-U2, APU2), landscape character requirements (CS-U1) to
help shape local policies (AP-U4) or non-statutory,
organisational strategy (AP-U6) drivers. Where no
statutory mitigation is required, how else can you get
this type of greening approved? Many of the examples

only require a willingness to innovate, as testing
or applying IGGI measures often requires minimal
change in behaviour or practice. Others provide direct
cost savings at the time of construction (CS-C2,
AP-U2) or provide wider benefits such as community
engagement for a similar cost to business as usual
options (AP-U5).

What are the risks?
There is increasing evidence of the multifunctional
benefits of IGGI measures for a range of urban
infrastructure assets including transport infrastructure,
freestanding walls and guardrails, street furniture and
pavements. As with any engineering solution or urban
planning decision, there are trade-offs between risks
and benefits associated with different options. As
urban IGGI is a new and growing field, there is a need
to clearly identify known risks and limitations emerging
from research and best practice exemplars. The
risks and limitations associated with the urban IGGI
measures described in the bundle include:

Known limitations or risks associated with these IGGI approaches
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Risk Factor

Description and Risk Reduction Strategies

Biodiversity

There is little data regarding the effects IGGI measures have on urban biodiversity. It is likely
that an increase in vegetation and/or habitat provision in the urban environment would result in
higher levels of biodiversity, as some of the urban IGGI examples show. Further study would
be required to validate this more widely.

Ecological connectivity

It is also important to ensure that where nesting habitats are added (e.g. AP-U4-5) that
suitable, nearby feeding habitat is also created (e.g. AP-U3). It is also important to evaluate
how these innovations can be optimised to ensure they improve ecological connectivity and do
not negatively impact upon other local species.

Geography

Care ought to be taken to ensure the sites chosen are suitable for the selected IGGI
measures. For example, roadside greening will require species which are resistant to both
wind and vehicle pollution.

Design

It must be ensured that any IGGI measures have the appropriate design, as poor designs may
exacerbate environmental issues. For example street trees that are inappropriately spaced
and/or too tall may lead to an increase in local pollutant concentrations, especially particulate
matter. It is also important to try to achieve multifunctional uses of urban IGGI wherever
possible, including combining them with SUDs.

Timing

It is particularly important to time construction of IGGI measures in the main growing season
so that the chances of early colonisation and establishment of target species is achieved, to
reduce the risk (and removal costs) of any invasive species which establish due to poor timing
(e.g. AP-U2).

Visibility

Any roadside greening must not impact upon the visibility of road users, be that pedestrians,
cyclists or drivers. Suitable species must be appropriately positioned in order to reduce any
potential visibility related hazard.

Maintenance

Routine maintenance would be required in order to maintain urban IGGI measures at their
desired level. Again, this is particularly important for roadside measures as badly maintained
greening systems may become hazardous and/or increase maintenance costs.

Scale

There is potential for widespread application of urban IGGI approaches across a range of
infrastructure types. The main limitation is the space available to implement these measures.

Where to learn more
CIEEM (2016). Biodiversity net gain (CIRIA
Biodiversity Net Gain – Principles and Guidance for
UK construction and developments (RP1048))
URL: https://www.cieem.net/biodiversity-net-gainprinciples-and-guidance-for-uk-construction-anddevelopments
Dover, J. (2015). Green Infrastructure: Incorporating
Plants and Enhancing Biodiversity in Buildings and
Urban Environments. Routledge.
Kappis, C, Scheiter, H, (2016). Handbook Track
Greening - Design, Implementation, Maintenance.
Eurailpress, DV V Media Group, ISBN: 978-3-87154576-4
Landscape Institute (2015). Green Bridges Guide.
London: Landscape Institute.
URL: https://www.landscapeinstitute.org/wp-content/
uploads/2016/01/TGN9_15Green-Bridges-Guide_LI300dpi.pdf

Natural England. (2015). Green Bridges: A literature
review.
URL: http://publications.naturalengland.org.uk/
publication/6312886965108736
Natural England. (2017). Maximising linear
infrastructure resilience, environmental performance
and return on investment. LINet brochure.
URL: https://www.ciria.org/News/blog/LINet_sets_out_
the_benefits_of_green_infrastructure_to_enhance_
infrastructure_resilience.aspx
Weerakkody, U., Dover, J.W., Mitchell, P., Reiling, K.
In press. Particulate Matter pollution capture by leaves
of seventeen living wall species with special reference
to rail-traffic at a metropolitan station. Urban Forestry
and Urban Greening.
URL: http://dx.doi.org/10.1016/j.ufug.2017.07.005
World Health Organisation (2016). Urban Green
Spaces and Health - a review of evidence. WHO
Regional Office for Europe, Copenhagen 80pp.

Metro Vancouver (2015). Connecting the dots:
regional green infrastructure network resource guide.
URL: http://www.metrovancouver.org/services/
regional-planning/PlanningPublications/
ConnectintheDots.pdf
Naylor L., Coombes M., Kippen H., Horton B.,
Gardiner T., Cordell M.R., Simm J. & Underwood,
G.J.C. (2017). Developing a business case for
greening of hard coastal and estuarine infrastructure:
preliminary results. Proceedings of the Institute of Civil
Engineering. Paper 85, pp.1-11.
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Urban Case Studies

URBAN

Case Study CS-U1:

Green bridge
Summary

Medium

Benefit

This green bridge maintains a pre-existing historic
approach to Scotney Castle (Grade I Listed) and
provides an access link in an Area of Outstanding
Natural Beauty, over a dual carriageway by-pass
around Lamberhurst village in Kent.

The 92m long bridge spans a section of the 3.2km
long dual carriageway through the historic area
around Scotney Castle and is registered under the
Historic Buildings and Ancient Monuments Act 1953
within the Register of Historic Parks and Gardens by
English Heritage for its special historic interest (see
Historic England National Heritage List for England
website below). The bridge incorporates the historic
West Drive – a feature of the 1837-43 redevelopment.

Motivation
The initial plan to upgrade the A21 divided the
picturesque landscape and interrupted an historic
approach to Scotney Castle. The green bridge
provided mitigation for this and met statutory needs
for Highways England and Natural England to protect
and enhance the landscape and biodiversity, and to
promote conservation and wildlife.

Photo Credit: Natural England

Medium

Ecosystem

Direct Costs

How does it work?

Low

Engineering

£

Medium

Design Innovation /
Enhancement measure
This is one of a handful of green bridges built in
the UK and the only one built largely to address
landscape issues – to retain connectivity between
Scotney Castle and the West Lodge and the original
access drive. It is part of an Area of Outstanding
Natural Beauty and the site is Grade I Listed. The
castle and grounds contain many of the features
planned between 1837 and 1843 by Edward Hussey
III (and landscape designer William Sawrey Gilpin).
The green bridge design had to balance the functional
engineering requirements including horizontal and
vertical alignment, whilst providing a wildlife corridor.
The wildlife corridor had to include native planting that
matched local variations and reflected the qualities of
the landscape, and incorporated exotic species used
in the original ground planting in 1842.

Photo Credit: Natural England

Case study - Urban 1: Green bridge

Benefits
Though details are not available as to the
extent, the green element undoubtedly will have
increased the project cost compared to a more
standard bridge. However, the sympathetic design
and construction will mean the cultural and aesthetic
value of the area is maintained, and because of this
continued appeal of the area could be ascribed some
financial value – visitors, property prices etc.
The green elements of the bridge will provide some
modest rainfall attenuation and soil production
ecosystem services though it was as not design
explicitly to do so.

Reputation
Cost
benefit
Motivation

Provisioning
services

In fulfilling the remit to provide an environmentally
sensitive connection over the highway the Scotney
Bridge has been considered a success and functions
well.

Net Cost
Only the whole scheme construction costs of
£22M for the A21 upgrade are available; it is not
possible to determine what percentage of this the
green bridge cost.

Engineering
performance /
resilience
Cultural
services

Supporting Regulating
services
services

£

Long-term cost
By maintaining a historic route to Scotney Castle
in a sympathetic way, the bridge has helped
maintain the landscape, heritage and tourist value of
the area – the benefits from which can, in the long
term, hopefully offset the increase in construction and
maintenance costs compared to business as usual.

Direct cost of intervention and
cost compared to business-asusual
The additional cost of providing the green elements
are not available, such as for the additional engineering materials and time, plus the growing medium and
plants. The costs of green bridges built in Europe can
be found in a recent Natural England (2015) report.

Case study - Urban 1: Green bridge

Engineering performance,
inspection and maintenance
One of the key engineering design elements was the
hour-glass shape of the bridge which allowed greater
soil depths and mature vegetation at ‘either end’ which
helped ‘bed’ the bridge seamlessly into the historic
landscape and improved habitat provision.
Green bridges are currently rare in the UK, where
related design guidance and extensive evidence

of their engineering performance is available from
Europe and Canada. The inclusion of soil, habitat
(sometimes considerable large vegetation/trees) and
water retention features add complexity and additional
factors to be considered but these appear not to be
intractable engineering issues.

Ecosystem Services
In an attempt to recreate a more mature
environment the bridge was planted with a
continuous vegetation cover of varying width
(between 3m and 10m) and populated with sections of
log and moss planting. A minimum of 0.6m to 1.5m of
locally won subsoils and topsoils were used to cover
the bridge. Much consideration was given to sourcing
plants thought to be most appropriate, e.g. using
exotics to replicate the fashionable redevelopment in
1842.
The bridge is unusual in that it was designed and
installed largely to mitigate for potential damage
to cultural heritage - namely the truncation of a
historically important route, the “Drive” from the
Castle to the West Lodge. It was designed to provide
an aesthetically sympathetic solution and a more
appealing alternative to the traditional hard grey
alternative. The bridge construction also improved
recreation, tourism and the local economy.

Social value
The scheme received a commendation at
The Landscape Institute’s 2007 Awards. For
landscape, aesthetic, historic and economic
benefits see above.

Who can apply this
intervention / technique?
There are a few UK guidance documents on
screening, planning and designing a green bridge
– most refer to linking habitats, not designing for

Large roads such as the A21 are known to
create barriers to wildlife. Ecological monitoring
was undertaken by the National trust, as part of the
National Dormouse monitoring programme; they
found breeding dormouse populations on the bridge
within 5 years of installation. Bat surveys were also
undertaken (ten surveys, six at dusk, four at dawn)
and at least 5 species of bats were recorded where
97% of bat flights across the road were taken ‘using’
the bridge compared to open areas. Bats were also
found to forage on the bridge.
In addition, the increased habitat will influence the
water cycling locally. The bridge has a catchment
collection system for rainwater, rainwater runoff from
the east and west of the bridge pools and is delivered
into a ribbed central reservoir on the land bridge,
helping attenuate rainwater and water the bridge
vegetation.

individual species, the importance of considering
the impacts at a landscape scale and the need
for the bridge to be part of a wider mitigation
strategy.
Native mammals like deer and non-natives like wild
boar can break through highway perimeter fencing
and risk being hit by vehicles, causing vehicle
damage, potentially fatal human injury and long traffic
delays on key routes. Elsewhere bridges designed for
wildlife can reduce the cost of installation, inspection
and subsequent maintenance and repair costs of
wildlife fencing as well as vehicle collision induced
costs and delays.

Case study - Urban 1: Green bridge

Scaling up the benefits
There is growing interest and planning of green
bridges in the UK; demonstrators like this case
study are important to help show the potential
benefits for people and wildlife, as well as economic
drivers such as tourism, by building green bridges.
There is capacity for more widespread application of
green bridges in UK construction. More research on
the cost –benefits and efficacy of green bridges to
provide habitat links in different scenarios would help
support wider implementation.

In the meantime, this case study and best
practice guidance (e.g. Natural England 2015
and the associated Landscape Institute guidance)
are useful resources to help identify possible desired
outcomes and expected costs.

Data Quality
The table shows the relative
strengths of the Economic,
Technical and Environmental
data available. They are
classified as:
Scheme Specific
part of a PhD or similar
detailed research
Expert Judgment
interpretation of the scheme
by one or more experts
Wider Supporting Evidence
extrapolated from published
work or reports by
practitioners.

Further information / Contacts
National Dormouse Monitoring Programme. (2012).
The Dormouse Monitor, issue 1. URL: https://ptes.org/
wp-content/uploads/2014/09/2012-dormouse-monitorvol-1.pdf

Contacts

Natural England. (2015). Green Bridges: A literature
review. URL: http://publications.naturalengland.org.uk/
publication/6312886965108736

Ian Wilson:
ian.wilson@nationaltrust.org.uk

Natural England National Heritage List for England.
URL: https://historicengland.org.uk/listing/the-list/listentry/1000179

Sheena Crombie:
Sheena.Crombie@highwaysengland.co.uk

Land Use Consultants:
Kate.ahern@landuse.co.uk

This forms part of Naylor, LA., Kippen, H, Coombes, MA., et al. (2017). Greening the Grey: a framework for integrated
green grey infrastructure (IGGI). University of Glasgow report. URL: http://eprints.gla.ac.uk/150672/
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Case Study CS-U2:

Enhancing Railway Embankments
for Wildlife
Summary
As part of works by the Thameslink Programme
(TLP) to provide increased railway capacity
through central London, Network Rail and
Skanska UK improved conditions for wildlife
at Bermondsey Dive Under by replacing poor
condition, low biodiversity hard assets with
il
e planting
ail a emban ments an
greening of freestanding walls (AP-U2). This case
study discusses the wildflower planting of railway
embankments only.

Medium - High

Benefit
Neutral

Engineering

Medium

Ecosystem

Direct Costs

£

More

How does it work?

Motivation

The e isting site contained debris, heavily
contaminated soils with asbestos, hydro carbons
and apanese notweed. As a result, 2 ,900 tons
of materials were removed and notweed was
eradicated. ildflower planting and green walls
were installed to offset lost vegetation. ildflower
planting was also undertaken on 0. ha of railway
embankments to create green corridors, to promote
biodiversity and visual appeal.

This site was undergoing a change of use from an
industrial waste storage site to railway use. itigation
was required due to the unavoidable impacts of
the construction on the e isting, low quality habitat.
cological enhancements were made to the site
through remediation, wildflower planting and the
addition of green railway siding walls A
2 . This
was designed to further enhance the site for wildlife
and for visual amenity, helping deliver the required
mitigation as well as net ecological gain on site. This
approach meant no off site mitigation was required.

For the planting, a wildflower mi was selected for
native species and for low maintenance requirements
including, for e ample, Field cabious and irdsfoot
Trefoil and bee friendly owslip and arrow. The
wildflower was ‘hydroseeded’ using a nutrient mulch
mi ed with water, fertiliser and seed then sprayed
in place. The mi protects the seed from adverse
weather conditions promoting germination and
supporting sward establishment.

Design Innovation /
Enhancement measure
To enhance e isting low value and contaminated
land for wildlife as part of larger infrastructure works
to create net gain from the redevelopment. everal
measures were carried out including green screens
under arches and altered mowing and planting of
access ramps and railway verges. This case study
reports on the railway embankment component of the
works.

Case Study - Urban 2: Enhancing Railway Embankments for Wildlife

Benefits
As well as achieving primary engineering
goals, the intervention achieved additional
environmental benefits. The planting supports
the Lewisham and outhwark local authority’s
iodiversity Action lan L A
wildflowers attracts
insects, providing a valuable food source for birds
and mammals recorded in the L A s including the
red list species ouse parrows and ong Thrush,
and
species of bats. isual amenity of the site was
also improved, although the direct amenity benefits
were not measured. The I
I measures met statutory
mitigation requirements and delivered net ecological
gain compared to the prior disused state of the site.

Net Cost
The whole life cost of the I
I approach is
unknown as the scheme is newly constructed
and long term maintenance costs whilst predicted to
be minimal are unknown at this time. It is anticipated
that the low maintenance soil type and hydroseeding
will reduce maintenance, thus lowering the whole life
cost making it more comparable to business as usual
topsoil.

Direct cost of intervention
The gross material cost of alternative specification
topsoil designed to reduce maintenance costs was
9, 0. This compares with the original specifica
tion of
, 0, resulting in an e tra cost of 2 , 70
nearly double that of normal topsoil . onstruction
costs would otherwise have been the same.

£

Reputation
Cost
benefit
Motivation

Engineering
performance /
resilience

Provisioning
services

Cultural
services

Supporting Regulating
services
services

Cost compared to businessas-usual
ue to the poor condition of the e isting topsoil
contaminated and invasive species rich and the
need to choose a low maintenance topsoil designed
to achieve the desired ecological goals, topsoil had
to be imported costing an additional 30£ per tonne
compared to the original lass 5 topsoil.
owever, the selected topsoil was designed to
reduce or eliminate vegetation maintenance costs,
so the long term cost of the approach will be reduced
compared to business as usual.

Long-term cost
art of the reasoning behind the change to the low
fertility topsoil was to discourage invasive fast growing
species from invading. The topsoil was specifically
selected to avoid the requirement for on going future
maintenance, meaning that whole life costs may be
the same or lower than a more traditional construction
technique.
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Engineering performance,
inspection and maintenance
se of meadow planting has had no adverse
effect on the performance of the asset and was the
preferred option during options appraisal. Long
term maintenance costs are unknown due to the
newness of the scheme, but planting was specifically
chosen to minimise maintenance requirements,
and to meet safety restrictions of vegetation height
parallel to the railway. se of low nutrient soil was
intended to reduce management requirements
relative to the ‘normal’ 00 mm topsoil as growth is
less vigorous. The area will be serviced under the
continual maintenance schedule helping the habitat

mature and become ecologically valuable. The
maintenance regime was produced with reference
from nvironmental esign anual see references
and the advice of kanska’s soft estates specialist.
uring establishment, the embankment became
infested with nettles due to rhi omes and seeds
contained in the subsoil. To tackle this, nettles had
to be removed by hand as spraying with herbicide
could have killed the wildflowers. This practical issue
emphasises the importance of planting at the correct
time to ma imise chances of success.

Ecosystem Services
aseline and post construction biodiversity
unit calculation was undertaken based on the
metric tool issued by efra in 20 2. aseline data
were based on the known area of site clearance,
and assumed all vegetation was being cleared.
ost construction calculations were based on site
visits and design drawings where planting was not
yet complete . rior to the intervention more than
7 % of the site was hardstanding. The area had low

biodiversity and limited functionality as green
corridors. Following the works, enhanced areas
were classified as ‘neutral grassland – semi improved
lowland meadows ’. The entire project including the
green walls in A
2 was e ternally verified to have
more than doubled the amount of preconstruction
biodiversity units, leading to a net positive increase in
net biodiversity of
%.

Social value

The ‘hydroseeding’ approach offers a way of
encouraging valuable grassland over a large
area relatively simply, on any pre prepared
ground, which can include sloping embankments
where soils are relatively poor and or thin. here
this approach is used over conventional grassed
embankments, maintenance costs can also be
reduced see the owing bundle for details on cost
savings .

o quantitative data are available for amenity
value. The increased greening of the area and
biodiversity may provide enhanced aesthetic visual
value and in turn may positively influence nature
recreation and leisure values.

Who can apply this
intervention / technique?
Any works involving replacement or modification of
e isting low value or contaminated land can consider
opportunities for creating improved areas for wildlife.
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Scaling up the benefits
ailway assets are e tremely common, and
many provide limited environmental value.
Application of enhancements such as planting
wildflowers on earthed embankments greening
of railway walls, A
2 could be widely used to
improve amenity, wildlife and reduce maintenance
costs compared to business as usual mown grass
embankments see
and A
2 . These kinds
of local interventions can have broader significance
by improving connectively between isolated habitat

patches and enhancing the visual appeal of
the wider environment, especially in heavily
urbanised areas. This measure can also be used in
combination with other urban I
I measures e.g. by
adding bee habitat on the concrete elements A
of adjacent railway infrastructure or ityTrees A
7 to absorb pollutants at stations to further improve
the ecosystem services which I
I can provide.

Data Quality
The table shows the relative
strengths of the conomic,
Technical and nvironmental
data available. They are
classified as:
Scheme Specific
part of a h or similar
detailed research
Expert Judgment
interpretation of the scheme
by one or more e perts
Wider Supporting Evidence
e trapolated from published
work or reports by
practitioners.

Further information / Contacts
esign anual for oads and ridges 200 , ol
0 nvironmental esign and anagement, ection
Landscape anagement, art The ildflower
andbook A 7 9 .
atural ngland. 20 7 . a imising linear
infrastructure resilience, environmental performance
and return on investment. LI et brochure.
L:
https: www.ciria.org ews blog LI et sets out
the benefits of green infrastructure to enhance
infrastructure resilience.asp

L: https: www.landscapeinstitute.org news
bermondsey dive under
Contacts:
onor c one, kanska:
conor.mccone skanska.co.uk

This forms part of Naylor, LA., Kippen, H, Coombes, MA., et al. (2017). Greening the Grey: a framework for integrated
green grey infrastructure (IGGI). University of Glasgow report. URL: http://eprints.gla.ac.uk/150672/
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Case Study CS-U3:

Green screen guard rail
Summary
Installation of pre-grown plants, hand-wound on
Mobilane.co.uk mesh panels, in biodegradable
pots and growing medium. In this case study they
are attached to pre-installed rails beside a busy
city centre dual carriageway in central Birmingham,
providing an instant green screen to improve the
aesthetic of the area and provide some air pollution
reduction. The same techniques can also be used in
residential and industrial areas on a range of support
structures, including purpose built options, with this
supplier offering a choice of around a dozen different
plant species and screens in a number of sizes.

How does it work?
Varieties of ivy, hornbeam, beech, privet and firethorn
are pregrown in biodegradable pots and fertile
growing media, and attached to fine mesh carbon
steel frames. Attached to a wide variety of supports
in any setting they provide an instant greening. They
provide a relatively large surface area to footprint
ratio, offering opportunities for increasing habitat
provision, improving biodiversity, and a mechanism for
air pollution control in dense, grey urban areas where
space for conventional GI is limited.

Motivation
Air quality in urban areas is a known issue for health
and quality of life. Motorised vehicles produce a range
of pollutants that can affect human health. These
include very small particles emitted from exhaust
(especially from diesel-fuelled vehicles), and from
wear-and-tear on brakes and tyres. If inhaled these
particles can cause a range of both short-term and
more chronic health problems, including increased

Benefit

Medium

Engineering

Medium

High

Ecosystem

Direct Costs

£

Slightly more

chances of death from respiratory and cardiovascular
disease. This Particulate Matter (PM) is measured
in microns (one micron is one millionth of a metre).
Health concerns start with particulates of 10 microns
(PM10) in diameter or finer, where the smaller the size
(e.g. PM2.5), the greater the health risk.
Some plants can provide amelioration to some of
these effects by capturing PMs but little is known
about how this can best be exploited for practical
application. The Constructor was looking for a site to
conduct some research on this topic and recruited
support from a local University and business
development group

Design Innovation /
Enhancement measure
Free-standing urban vegetation units that allow the
pre-grown plants to be added to dense urban settings.
A wide range of existing urban infrastructure is suitable for these kinds of measures including chain link
fences, guardrails, masonry walls (AP-H1) or wooden
fences.

Installed and established screens of ivy

Photo Credit: Chris Rance

Photo Credit: Chris Rance
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Benefits
Analysis of the leaves of the screen
compared to those from a control site shows
the capacity to remove pollutants. This could
provide major benefits by reducing local exposure
to airborne particulates linked to acute and chronic
health issues, at relatively low cost. Vegetation also
improves the aesthetic of heavily urbanised areas.
Alongside monitoring of impacts on local pollution,
this installation was partly an attempt was improve
the aesthetic of the area and the economic prosperity
of the local businesses. Ivy can be important for
biodiversity as a source of cover for birds and, where
allowed to flower, provides a valuable nectar source
in urban areas for pollinating insects, and berries for
birds in winter.

Net Cost

Reputation
Cost
benefit
Motivation
Provisioning
services

Engineering
performance /
resilience
Cultural
services

Supporting Regulating
services
services

£

£25,000 in total for over 200 m2 of screening
(a 141 m x 1.3 m section and a 37 m x 1.8 m
section). It may be assumed that fitting the screen on
a new-build may be cheaper as the growing medium
at the bottom of the guardrail can be incorporated into
the build more easily than retrofitted, though this has
not been tested.

Direct cost of intervention

Long-term cost
Inspection and maintenance of the 200 m2
screen is expected to cost around £1,000 or less
per year. The green screen is designed not to require
additional watering.
The long-term financial (and health) costs of not
addressing urban air pollution are estimated at around
£20 billion per year. Certain groups in society are
more at risk than others - the young, elderly, those
already in ill-health and those who live and work close
to pollution sources.

For this scheme the IGGI measure is retrofitted to
existing infrastructure, the figure of £25,000 (£125 m2)
represents the whole cost.

Cost compared to business-asusual
The cost for fitting a guardrail can vary depending on
the location and any health and safety requirements,
traffic management, closed roads, etc. A standard
powder-coated guardrail costs £75 per m2 plus
installation costs which will vary considerably by site
and is estimated to cost £300 per m2 to install them
in Bristol. Adding vegetation to guardrails would thus
cost 50% more per m2.
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Engineering performance,
inspection and maintenance
Two joint maintenance and inspection visits are
planned per year. Further research is required to
determine how the vegetation may influence the life
span of the guardrail but it is not anticipated to greatly
reduce it. The measure has a minimum design life of
10 years. Some maintenance to keep the vegetation
trimmed may be required.

Ecosystem Services
After laboratory analysis the roadside ivy leaves
showed around 4 times more PM10 and particles
finer than <PM10 on their surface than leaves on
control plants grown in a pollution-free greenhouse.
On average the ivy leaves were predicted to capture
around 145 million particles per m2 per day.

This scheme was designed to mitigate the impact
of urban pollution and improve the aesthetic in an
urbanised area with reported low visual aesthetic
value. The green screen vegetation may also provide
other services, such as supporting other organisms
(insects and birds), helping to regulate microclimate
(shade, evapotranspiration) and sequestering carbon.

Research is continuing but as yet many of the wider
ecosystem services have not been measured.

Social value
A motivation for this scheme was to provide
‘green’ in a heavily urbanised area, thereby
helping to improve air quality for human health,
enhance the aesthetic appeal of the streetscape
and encourage business growth. In some instances,
and where required, use of thorny species (e.g.
Pyracantha) could be used to secure boundaries.

Who can apply this
intervention / technique?
Urbanised areas provide a wealth of opportunity
to install free-standing greenery. Any land asset
manager could consider these for increasing
biodiversity, aesthetic appeal and improving air
quality. This may be especially relevant in tackling
potential impacts of particulate pollution, for the wider
population and vulnerable groups (e.g. boundaries of
school playgrounds in traffic congested streets,
CS-U3).
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Scaling up the benefits
Pedestrian guardrails have been very widely
used across the UK road network. Not all would
be suitable for incorporat¬ing this technique,
but there is widespread potential to apply this across
the UK. The example here illustrates retrofitting to
existing rail boundaries; for new build projects it is
conceivable that a built-in solution may be possible

that negates the need to combine the two
elements of a green screen with support and a
guardrail, fencing or wall. Combining the greening
into the support during the design phase would likely
reduce the costs of installation. Similarly, where crash
protection function is not required, the screens can be
installed with post supports without guardrails.

Data Quality
The table shows the relative
strengths of the Economic,
Technical and Environmental
data available. They are
classified as:
Scheme Specific
part of a PhD or similar
detailed research
Expert Judgment
interpretation of the scheme
by one or more experts
Wider Supporting Evidence
extrapolated from published
work or reports by
practitioners.

Further information / Contacts
Bristol Neighbourhood Partnership Traffic Choices:
https://www.trafficchoices.co.uk/traffic-schemes/
guardrails.shtml

Contacts
Chris Rance: chris.rance@atkinsglobal.com
John Dover: J.W.Dover@staffs.ac.uk

Dover, J. (2015). Green Infrastructure: Incorporating
Plants and Enhancing Biodiversity in Buildings and
Urban Environments. Routledge.
Staffordshire University’s Green Wall Centre:
http://www.staffs.ac.uk/research/greenwall/
World Health Organisation (2016). Urban Green
Spaces and Health - a review of evidence. WHO
Regional Office for Europe, Copenhagen 80pp.

This forms part of Naylor, LA., Kippen, H, Coombes, MA., et al. (2017). Greening the Grey: a framework for integrated
green grey infrastructure (IGGI). University of Glasgow report. URL: http://eprints.gla.ac.uk/150672/
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Case Study CS-U4:

Green screen school
Summary
Sc eens
u enile i plants e e fitte t
e isting sch l pla g un encing t bl c ut
t a fic gene ate p lluti n in
n n The fumes
and minute particles from exhaust and tyre and brake
degradation, as well as from natural sources, can be
very harmful especially for vulnerable groups.

Where vulnerable people are in close proximity to
busy roads, greening measures have been tested to
play an important part in reducing local concentrations
of harmful and unpleasant pollutants. A trial was
conducted at St. Cuthbert with St. Mathias Primary
School near to A3220 in central London. Air quality
was measured directly on either side of a 51m long
green screen 2.7m high that bordered the road and
playground. The existing playground fencing was
retrofitted with growing medium, additional support
structures and ivy plants. Once the plants covered the
screens, the levels of harmful nitrogen gases (NOx)
and minute particles called PM 0’ were measured on
either side of the screen. Comparison data were also
recorded at two other sites in the area, one away from
traffic and the other kerbside with no vegetation. The
mature screens were shown to significantly reduce
the levels of harmful pollution on the playground side
of the screen by 24% for NO2 and 38% for PM10 daily
(daily mean), respectively. They were most effective
when the screen is dense and when traffic pollution
levels were at their highest.

Low

Engineering

Medium

Ecosystem

Direct Costs

es it

Medium

Benefit

£

Medium

Motivation
The impact of pollutants on lung development and
other chronic health issues is becoming better
understood, and is now considered to be a serious
and widespread problem. Research suggests that
green barriers can reduce the human impact of
road-generated pollution by acting as a pollution sink,
trapping and retaining harmful gases and particulates.
In addition, they can slow down the rate, and /or
reduce the quantity and distance pollutants travel,
thereby protecting vulnerable populations.

Design Innovation /
Enhancement measure
Using green infrastructure to provide cost effective
reductions in pollution levels in an urban primary
school playground.

Case study - Urban 4: Green screen school

Benefits
The impacts of traffic generated pollution on
vulnerable populations, including children, can
be chronic and life shortening. The research
done here and elsewhere (e.g. Weerakkody et al., in
press) illustrates the potential for green infrastructure
to produce significant improvements in air quality in
a relatively short time-frame (< 1 year) at a relatively
low cost, particularly when compared to other options
such as legislative measures to reduce traffic or
technological changes/alternative fuels.
More generally, green screens can be aesthetically
pleasing, provide learning opportunities and
create habitats for wildlife, particularly foraging for
pollinators, whose numbers have been in steep
decline nationally. Ivy species flower in abundance
late in the season and can be an important food
source for honeybees (Garbuzov & Ratnieks 2014).
These potential biodiversity benefits were not
measured by this study, and as such are not included
in the benefits wheel.

found not to be an issue here, it is worth noting
that there is a potential risk in some situations;
where the screens sufficiently reduce airflow and
are in close proximity to emission sources.

Reputation

Motivation

Engineering
performance /
resilience

Provisioning
services
Supporting
services

A concern for this case study was the potential for
the screen to reduce the dispersal of exhaust gases
from the school’s own boiler, essentially trapping the
exhaust gases in the playground. Although this was

Net Cost
No data on net cost were available.

Direct cost of intervention
o figures were available for the installation or
maintenance costs of this specific scheme, where
watering was required help establish screen plants.
An appro imate figure for supply and installation of
green screens is £125 per square metre (as at 2015,
see CS-U3) although this could vary regionally and
according to the specifics of the site, supplier and
fitter.

st c mpa e t business as
usual
These screens were retrofitted to pre installed
fencing, raising the height by 0.7m. For new build
scheme, purpose made green screens are available

£

Cost
benefit

Cultural
services
Regulating
services

(see CS-U3). The increased cost for these can
be relatively large, sometime more than double
the lowest priced alternative, although reduced
vulnerability to air pollutants may equalise the
cost in the longer term, depending on location.
In addition, in areas of high pollution and a high
concentration of vulnerable people the additional
e pense could be justified as a measure to improve
health and reduce exposure to toxins.

ng te m c st
Increased concentration of traffic generated pollution
can slow the development of children’s lungs. As a
tool to minimise this, these green screens produce
significant improvements in air quality in a localised
high risk area in a relatively short time-frame (months)
at a relatively low cost. This is an alternative to
restricting access to the playground and can help
reduce risk to vulnerable groups whilst legislative and
technological changes to reduce air pollution take
effect. The long-term value would appear to be high
and the cost relatively low.
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Engineering performance,
inspecti n an maintenance
No data is available on the performance of the
screen as opposed to a traditional link fence or
other traditional design. The extra loading could be
problematic in some areas in high wind conditions,
increasing the need for repairs from storm damage
and particularly vigorous growth could make

inspection more time consuming (where inspection
occurs on chain link fencing), although the screens
are designed to require no maintenance once installed
and established (and watering is no longer required).

Ecosystem Services
The green screens were highly successful at
providing improved regulatory services, in the
form of improved air quality in a few months postinstallation. Although not their intended primary
function, the screens may also provide some
additional ecosystem services, beyond the regulatory
service of improving air quality. These were not
measured by this study but could, for example,
include creating shade and helping to reduce heat
island effects, reducing the effect of high winds and
attenuating rainfall, sequestering some carbon and
contributing to the cycling of nutrients.

No data is available on the other wildlife-related
ecosystem services benefits of this case study but
other work shows the screens can provide habitat
important for wildlife, particularly pollinators, but also
other insects and birds (Chilquet, 2014). The location
of screens installed to address high levels of pollution
could be significant in that they will be providing
habitat in highly urbanised areas and may function
as connecting habitats and/or by creating steppingstones between habitats.

Social value

generated by traffic could negatively impact
on people’s health and wellbeing, or where
greening is needed in dense urban areas
where other GI options are not available, the
green screens (see also CS-U3) and other IGGI
measures (e.g. see AP-U6, AP-H4) that use plants
that trap or slow down the transport of pollutants could
be applied.

The green screens were highly effective at
providing a quick, inexpensive way to reduce
the significant health impact of air pollution, at a
local scale (e.g. one school playground). This was
of high value locally and if applied widely could have
substantive social value to society.

Who can apply this
inte enti n techni ue
Ivy are relatively hardy, fast growing plants that
require little attention or maintenance when correctly
installed (see CS-U3 for details). Similarly the
screen supports do not require frequent or specialist
maintenance unless positioned in front of freestanding masonry walls or buildings (see AP-H3
and AP-H4 for suggested maintenance and asset
resilience benefits of ivy . here pollutants like those
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Scaling up the benefits
The screens and similar greening innovations,
along with more traditional green infrastructure
like urban trees in parks and greening of buildings
(see London Ecology Masterplan in the main report)
can collectively provide long term, cost effective
benefits in a huge number of urban spaces, at
local (e.g green screens for schools) to strategic
scales (e.g. urban forests and ecologically focused
masterplans). There is a growing acknowledgment
of the health benefits of urban green infrastructure,
and while these results and similar studies suggest
the potential benefits of green screens are great, it
is important to acknowledge that placement is key

in ma imising the benefits. In many instances
these screen can form part of a combination of
measures that can address a range of issues that
impact on the resilience of urban areas, particularly in
light of predicted climate changes.
It is also important to better understand the spatial
scale of the air pollution benefits and other ecosystem
services that green screens provide, so that we
can more precisely measure the specific benefits
associated with implementing this IGGI measure.
This would improve the benefit and cost assessments
provided above and in CS-U3.

Data Quality
The table shows the relative
strengths of the Economic,
Technical and Environmental
data available. They are
classified as:
Scheme Specific
part of a PhD or similar
detailed research
pe t u gment
interpretation of the scheme
by one or more experts
i e Supp ting
i ence
extrapolated from published
work or reports by
practitioners.

Further information / Contacts
Tremper, A.H., Green, D.C., Chatter-Singh, D. and
Eleftheriou-Vaus, K. (2015). Impact of green screens
on concentrations of particulate matter and oxides of
nitrogen in near road environments. Environmental
esearch roup. ing’s ollege London. repared for
the Royal Borough of Kensington and Chelsea.
URL: https://www.rbkc.gov.uk/environment/air-quality/
air-quality-projects
Garbuzov M. & Ratnieks F.L.W. (2014) Ivy: an
underappreciated key resource to flower visiting
insects in autumn. Insect Conservation and Diversity,
7, 91–102.

Weerakkody, U., Dover, J.W., Mitchell, P., Reiling, K.
In press. Particulate Matter pollution capture by leaves
of seventeen living wall species with special reference
to rail traffic at a metropolitan station. rban Forestry
and Urban Greening
URL: http://dx.doi.org/10.1016/j.ufug.2017.07.005

Contacts
Dr. Anja Tremper, Environmental Research Group,
ing’s ollege London:
anja.tremper@kcl.ac.uk

This forms part of Naylor, LA., Kippen, H, Coombes, MA., et al. (2017). Greening the Grey: a framework for integrated
green grey infrastructure (IGGI). University of Glasgow report. URL: http://eprints.gla.ac.uk/150672/
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Art of the Possible

A

Green Tram

A

Engineering
reen track systems can be designed as high or low
level systems; high track systems require different
construction rails are insulated but less maintenance
than low track systems where more mowing is required. For
low nutrient meadows there is no difference in construction
compared to green tracks. aintenance of the low nutrient,
meadows is much less than the mowing required for grass tram
tracks, providing maintenance cost savings with no adverse
impacts on engineering performance or design life of the tracks.

What is the measure?
Replacement of traditional tram track beds with green solutions
designed to improve amenity, wildlife, pollutant trapping and
water infiltration. reen or grass tram beds have been used
in parts of ermany for over 2 years, used as part of the
standard design in aesthetically sensitive areas. In this e ample,
the green track was designed to mimic ecologically diverse low
nutrient meadow habitat that provides more ecosystem services
for lower cost than grass tram tracks.
Primary driver
reen tracks are used to provide a wider range of benefits to
people and wildlife than traditional grey tracks can provide in
aesthetically sensitive areas of cities. This specific e ample
demonstrates that green tracks can be better designed to
improve ecological outcomes, whilst maintaining their amenity
value for society.
Benefit
All types of green tracks provide improved ecosystem
services compared to traditional grey tracks such
as water attenuation, pollutant trapping, improved
amenity or habitat for wildlife. For low nutrient meadow
tracks compared to more typical green grass tram tracks,
the ecological benefits are improved and cultural ecosystem
services are maintained. The dry low nutrient meadow habitat
requires less maintenance than grass tram tracks, and it is more
resilient to dry periods than grass, making it well-suited for a
drier future climate.

£

Cost
Construction costs for green track systems compared
to traditional grey engineering options are difficult
to generali e but may cost up to . to 2 times
more than grey track options. onstruction costs for low
nutrient meadows are the same as for grass tram tracks, and
maintenance costs are reduced compared to grass tram tracks
due to reduced mowing costs. reen track beds have been
piloted in Edinburgh, Manchester and Birmingham, however, no
data were available.

This forms part of aylor, LA., ippen, , oombes, A., et al. 20 7 .
niversity of lasgow report.
L: http: eprints.gla.ac.uk 0 72

Ecosystem services
The low nutrient, meadow provides habitat for a
greater range of species than either traditional grey
or grass tram tracks provide whilst providing similar
aesthetic value for society. They provide linear corridor habitats
that support key pollinators bees and ground beetles. reen
tram systems can be tailored to different climates and funding
availability, as demonstrated by the wide array of approaches
across ermany.
Social
From a social perspective, use of green tracks is of
great importance and local residents are more likely
to provide consent to build new tracks where the
green track construction method is proposed.
Reputation
The low nutrient meadow scheme was awarded the
20 7 tate of aden
rttemberg’s Innovation ri e
for public transport for cology in local traffic .
Policy
here tracks are segregated from roads, it is typical
to build a type green track system instead of grey
track beds in urban areas.
Further data
appis, , cheiter, , 20 . andbook Track
reening
esign, Implementation, aintenance.
urailpress,
edia roup, I
: 97
7
7
Contacts:
endrikje chreiter:
hendrikje.schreiter iasp.hu berlin.de

reening the

rey: a framework for integrated green grey infrastructure I

I.
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A

Green railway walls

A

2

Engineering
se of green walls has had no adverse effect on the
engineering performance of the asset after 2 years
– as the wall is not a structural element of the bridge
it is not envisaged this will be an issue. igher maintenance
costs are e pected in the long term compared with a business
as usual reinforced concrete retaining structure – however,
construction costs are less than ½ of the traditional grey
engineering option.

What is the measure?
To improve conditions for wildlife as part of a Thameslink
programme to increase railway capacity, invasive and woody
vegetation was removed and poor condition, low biodiversity
hard assets were replaced with green walls (the focus here) and
wildflower embankments
. In total, 7 m2 of green
walls were installed in locations that would otherwise be void
space under arches and access ramps. eote tile membranes
were added to the sides of structurally strengthened railway
infrastructure and hydroseeding was used to plant species of
low maintenance and high wildlife value.
Primary driver
Redevelopment of a network rail site to improve capacity for rail
users required onsite mitigation for the habitat affected by the
works; these greening works sought to improve conditions for
wildlife on site.
Benefit
Invasive vegetation and contaminated soils were
removed from the site and green corridors were
added to new structurally strengthened railway assets
to mitigate for habitat losses created by the works.
This measure, combined with the earth embankment wildflower
planting and altered mowing regime, has lead to a net positive
increase in biodiversity of 113% or more than double the
amount of preconstruction biodiversity units.
Cost
The geote tile membrane wrapped retaining wall
cost appro imately 220 m3 compared with 00
m3 for a reinforced concrete retaining wall. The total
construction cost 20 2 prices fro 7 m3 was % cheaper
0 compared to 00 for 7 m3 of walls. Inclusion of
the green walls increased the habitat provided by % to out
perform the net positive target by increasing biodiversity on site
by
%, which is less e pensive than offsite mitigation.

£

This forms part of aylor, LA., ippen, , oombes, A., et al. 20 7 .
niversity of lasgow report.
L: http: eprints.gla.ac.uk 0 72

During establishment, the green walls became infested with
Buddleia due to poorly timed planting (leaving the surfaces
e posed to dispersing seeds before cover was established .
This meant that the green walls had to be stripped and
resprayed costing an e tra 0 in autumn to give the seed a
better chance of achieving good coverage. This practical issue
emphasises the importance of planting at the correct time to
ma imise chances of success, and reduce construction costs.
Ecosystem services
No data on supporting or provisioning ecosystem
services were collected here, but other studies have
compared meadow flower mi es compared to grass
and have found significant ecological benefits from the flower
meadows. Together with the wildflower planting, these two
measures led to a 113% net positive increase in biodiversity
compared to the 7 % hard standing grey assets the ecological
enhancements for the scheme replaced.
Social
o social data were gathered.
Reputation
This project was shortlisted for a I IA biodiversity
challenge award 20 7
The project achieved 9 . % in the
AL hole
Team Award
inner of the round ngineering ustainability Award 20 7
inner of the I
Infrastructure Award 20 7
Policy
Thameslink rogramme’s TL
ustainable
Development Policy aims to achieve an overall net
positive biodiversity
cological et ain.
Further data
L: https: www.landscapeinstitute.org news
bermondsey dive under
Contact:
onor c one:
conor.mccone skanska.co.uk
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URBAN

Bee walls

AP-U3

What is the measure?
Community engagement activities took place to create
combined bee habitat on, and around, an existing breeze-block
bin store. The measure is linked to small-scale herbaceous
habitat creation on neighbouring green spaces.

particularly the pollinators Osmia bicornis (Red Mason Bee)
and Anthophora plumipes (the Hairy-footed Flower Bee).
The herbaceous planting included bee foraging species and
colourful, edible plants attractive to other species. Future
monitoring of the scheme is planned.

Primary driver
A local Housing Association in Dorset had a requirement to
support community development and engagement; to support
the local community in improving their local environment.

Social
The design, creation and installation of the habitats
was undertaken with the involvement of the
community, in part through the ousing Association’s
requirement as a social landlord. The new planting connected
the area around the bee wall with the adjacent riparian parkland,
creating gateways in and out, transforming the wall from a
utilitarian structure with little or no aesthetic value to a new
social focal point.

Benefit
Anticipated benefits:
 Reduced maintenance – grass cutting
(replaced by mixed herbaceous planting).
 Reduced vandalism through self-monitoring
– greater community use and sense of ownership of the
space.
 Housing Association perceived more positively –
improved key performance indicators
I’s .
Cost
Costs were covered from existing Housing
Association budget.

£

Engineering
The breeze-block wall was not compromised, rather
it is thought the design life will be improved by the
additional rendering required to create the bee nesting
habitat.
Ecosystem services
Created habitats for wildlife including nesting habitat
for invertebrates in a breeze-block wall and on a
mini-dune sand bank, and foraging opportunities
from herbaceous planting. Also created interactive amenity
play spaces. The rendering of the wall incorporated habitat
for breeding, overwintering and basking invertebrates,

This forms part of aylor, LA., ippen, , oombes, A., et al. 20 7 .
niversity of lasgow report.
L: http: eprints.gla.ac.uk 0 72

Reputation
The Housing Association have commissioned
additional projects that similarly link planted and
built interventions for wildlife, wildlife encounter and
enriched common spaces. The supplier feels the Housing
Association have “an increased awareness of the potential
socio economic benefits of this business model . ousing
Association perceived more positively by users – improved
I’s.
Policy
The suppliers feel the Housing Association have
incorporated many of the ideas of this scheme, i.e.
bioactive planting linked to bioactive buildings and
that it has become influential in the way new developments,
maintenance programmes and resident ‘involvement’ initiatives
are planned.
Further data
Ian Boyd, Arc Consulting and Artecology
ian@artecology.design, http: www.artecology.space
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Bee bricks

AP-U4

What is the measure?
Bee bricks are building bricks that are designed to provide
habitat for solitary mason and leaf cutting bees. This product is
commercially available and was tested at 128 sites in Cornwall.
Primary driver
Traditional bricks in freestanding walls and houses provide little
or no ecosystem services. Solitary bees are vital pollinators
that do not disturb or harm people. A brick designed to improve
solitary bee habitat was tested to see if novel bricks can
improve bee habitat.
Benefit
Bee populations on walls were improved through
installation of bricks even during a wet cool spring of
2016 when the study was carried out. This improves
the amount of habitat and number of pollinators vital to our food
supply. The bricks are made using waste aggregate, which also
reduces their carbon footprint.

£

Cost
The bricks retail for £27.50 each (with tiered bulk
discounts available up to > 75 bricks at £14 each);
this compares to ~£1 - £10 for conventional bricks,
making the bee bricks between 2.75 – 27.5 times more
expensive per unit (or 1.4 – 14 times for bulk buy). Bulk
purchasing of bricks would improve the cost ratio compared
to traditional bricks, and it is important to note that ecological
benefits can be gained from as little as brick per m2. Adding
10 bricks to a 100 m long retaining wall would thus add a
maximum of £275 to the cost.

Ecosystem services
Supporting and provisioning ecosystem services were
measured in this study where 34% of bee bricks had
nesting bees during the course of the 5 month study
carried out by the University of Exeter. Bee density in bricks
was correlated with the presence of bees in the surrounding
area, where low bee numbers in bricks was consistent with low
populations in the surrounding gardens surveyed. Greater bee
densities were found foraging on native compared to non-native
flowering plants.
Reputation
Awarded the Soil Association Innovation award and
winner of ‘ est innovation’ at the ornwall
Sustainability awards. The Duchy of Cornwall have
included bee bricks in their new town in Cornwall, to help
showcase how the built environment can also provide
ecosystem services.
Policy
There is local supplementary planning guidance in
Cornwall that stipulates bee bricks must be
incorporated into 50% of new homes.
Further data
Contacts:
Faye Clifton: faye@greenandblue.co.uk,
@GreenandBlueUK
URL: https://greenandblue.co.uk/product/bee-brick/

Engineering
The bricks are non-load bearing and have been
designed to not impact on building quality or
engineering performance of free-standing walls,
and require no maintenance for many years. They need to be
used at least 1 m above ground, with no upward limit, and on
non-shaded, south/south easterly facing walls for ecological
reasons.

This forms part of Naylor, LA., Kippen, H, Coombes, MA., et al. (2017). Greening the Grey: a framework for integrated green grey infrastructure (IGGI).
University of Glasgow report. URL: http://eprints.gla.ac.uk/150672/
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Bee benches

A

Ecosystem services
The benches were constructed to include small
internal chambers, ‘micro planters’ for field floras to
colonise and a complex sculpted surface incorporating
nest holes for species such as mason bees.
The project delivers a high density of wildlife activity in an area
where people were more likely to encounter it, a form of ‘urban
rewilding’. The benches in their first season supported breeding
mason and bumble bees, with associated commensals and
parasites. Care was taken to put neither wildlife nor people at
risk; this was managed through design and public information.

What is the measure?
Two biophilic public benches in a developing community
greenspace. The benches were designed to provide habitat for
bees and nectar-providing plants.
Primary Driver
Former arable land under agri-environment scheme to
create new woodland with permissive public access,
strong links to parish council and environmental
collaboration with village primary school. Ecological surveys
revealed exceptional bee assemblages leading to a need for
public information and positive engagement.
Benefit
Bee species were recorded nesting in the benches within 12
months of construction. Strong focus of conservation interest
and recreational space for people of all ages from the design
and construction (with a school) to long-term use by increasing
numbers of visitors, at very low installation cost and zero
maintenance since 2012.

£

Cost
£2k per bench, including educational engagement
and workshop session. Design and installation
responds to site, containing bespoke features
sympathetic to the local ecology. This costs between £1k
and £2K per bench inclusive of outreach and installation. In
comparison, a traditional, treated wood park-bench for park
or amenity use costs between £660 and £1150 inclusive
of installation but with no public engagement provision or
ecological value.

Engineering
‘Anthropic stone’ concrete mi was used to sculpt
benches over armature of recycled materials.
Field sand used in the mix for colour and substrate
compatibility. The benches have required no maintenance in
the five years since installation. The techniques and materials
used provided important lessons for subsequent ecologicallyfavourable concrete work.

Social
The bee benches provide a landmark for visitors.
They have become a public showcase for IGGI and
for biologically favourable built environments. The
local primary school regularly uses the site for environmental
education; the benches and the space around them are
designed to facilitate outdoor lessons. The school subsequently
commissioned a nursery play area in the same materials and
with a bee theme.
The benches exemplify handmade sculptural habitats that
combine decorative function with ecological improvements,
encouraging wildlife encounters. Pollinators provide a useful
focus for public engagement but designs can also target other
‘small wildlife’ species invertebrates, small mammals, reptiles,
amphibians).
Reputation
The project helped bring public and specialist
attention to the site and led to the landowner gifting
the site to the county wildlife trust. The bee benches,
and the ‘bee fields’ brand they have generated, have
built important ties between the landowner, the village and the
parish, prompting the consideration of other opportunities for
local collaboration around land management for conservation
and public benefit.
Policy
IGGI as a technique for hard/soft landscape
‘merging’, as developed by Artecology here, has
become better understood locally and therefore
more likely to be considered as an option in design
and build projects. Those organisations involved in the project
have become more aware of how bespoke alternatives to
traditional construction methods can be usefully tailored to local
environmental conditions.
Further data
Ian oyd, Artecology:
ian@artecology.design, http: www.artecology.space
Ls:
www2.eastriding.gov.uk/living/deaths/memorial-benches/
www.londongardenstrust.org/features/bench.htm

This forms part of aylor, LA., ippen, , oombes, A., et al. 20 7 . reening the rey: a framework for integrated green grey
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Trees for health

AP-U6

edge. If these were designed into future schemes, co-designing
services and greening would improve construction efficiency
and cost.
Ecosystem services
enefits are realised in terms of regulating services
such as capturing particulate pollution, surface water
management benefits through permeable surfacing
over the tree root zone and supporting services via some
habitat creation in the streetscape. They also were designed to
control heat inside the building, providing a regulatory service.
o data on the actual benefits of these ecosystem services
were collected.
What is the measure?
The aim was to create an attractive front close to a high profile
health resource in a highly deprived area that contributes to
a wider green network linking other resident to this and other
local NHS facilities. This street tree installation was designed to
provide improved air quality outside and unusually, also inside
the building. It also serves to help cool, screen and improve the
amenity from inside the building.
Primary driver
Air quality, privacy and views into waiting areas of the health
centre were raised as an operational issue as the glass fronted
building is on a heavily trafficked street. Tree planting was
thought to be beneficial in addressing this, and softening the
hard engineered and traffic dominated street frontage through
greening. The building design left too little space for tree
planting using traditional techniques so a novel design of tree
planting close to buildings that aimed to improve air quality,
amenity and privacy for NHS patients and staff.
Benefit
The tree planting at Possil Park Health Centre was
realised as part of a wider package of public realm
works funded jointly by NHS Greater Glasgow and
Clyde and the Green Exercise Partnership (a partnership
between FCS, SNH and the NHS), and it has multiple
ecosystem service benefits for society and nature including
improved amenity, air quality and surface water management.
Cost
No cost data are available.

£

Engineering
As this was essentially a ‘retrofit’ solution, the trees
had to be located relative to existing and recently
installed services in the footway. This determined
the positioning of the trees and care was required to locate
services, excavate and install the trees with root barriers to
minimise the impacts of roots on services and the building

Social
enefits are realised in terms of regulating services
such as capturing particulate pollution, surface water
management benefits through permeable surfacing
over the tree root zone and supporting services via some
habitat creation in the streetscape. They also were designed to
control heat inside the building, providing a regulatory service.
o data on the actual benefits of these ecosystem services
were collected.
Reputation
The tree planting forms part of a Greening the NHS
Estate (Scotland) initiative which aims to improve
wellbeing through improved access to greenspace
and to use greening to help regulate air and thermal properties
inside buildings.
Policy
The tree planting was delivered as part of a
demonstration project instigated by the Green
Exercise Partnership to demonstrate the value and
importance of making the NHS estate usable and accessible to
patients, staff and the wider community.
Further data
Contacts:
ERZ Landscape Architects,
21 James Morrison Street, Glasgow G1 5PE
Tel: 0141 552 0888
info@erzstudio.co.uk
Anne Lumb, Green Exercise for Health Partnership, NHS
Scotland.
URLS: http://scotland.forestry.gov.uk/news/1214-greeningpossilpark
http://www.nhsggc.org.uk/about-us/media-centre/news/2015/4/
possilpark health and care centre officially opened

This forms part of Naylor, LA., Kippen, H, Coombes, MA., et al. (2017). Greening the Grey: a framework for integrated green grey infrastructure (IGGI).
University of Glasgow report. URL: http://eprints.gla.ac.uk/150672/
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CityTree

AP-U7

Engineering
It is a freestanding 4 x 3 m unit comprised of a built in
bench, moss screen and information board that once
built are carbon neutral to run. The screen is a selfsufficient, standalone structure which requires minimal annual
maintenance (a few hours per year). Rainwater is harvested for
irrigating the vertical moss screen and a solar panel generates
electricity to power the pump and air quality monitoring station.
Each unit contains smart sensors that collect environmental
and climate data to help regulate and control to for the moss
cultures, and provide live data on air quality.

What is the measure?
Green elements are added urban street furniture where
the natural processes the plants and mosses can cool air
temperature and provide reduce gas and particulate air
pollution, and in localised areas, at street level. They reduce
carbon dioxide (CO2) by an estimated 240 t/year. As a novel
technology, the CityTree has had limited testing to date and it
being trialled in Jena, Germany and Glasgow, Scotland.
Primary driver
Air pollution is a major public health and environmental issue
in large cities worldwide. There is a need to help improve air
quality with practical measures alongside policy changes to
reduce pollutant loads over time.
Benefit
Poor air quality is directly correlated to poor
human health. CityTrees provide a concentrated
pollution reduction system, locally moderate high
temperatues and provide a focal point to increase awareness
of urban air quality through educational material on the
CityTree structure. Correctly installed, these and similar urban
greening innovations, can be important elements in a strategic
programme to manage urban air pollution. The CityTree
example provides high profile low maintenance options that can
be included in a suite of measures to address a widespread
problem.
Cost
An initial cost of around £22k per freestanding unit,
delivered and installed. Alternative more traditional
urban greening opportunities are well established –
trees, hedges and IGGI measures including green screens (see
green screen case studies CS-U3 and CS-U4). Although the
CityTree may optimally process a greater volume of pollutants,
it does not cover as large an area or provide the additional
benefits of shade, rainwater interception, wildlife value and
improved well-being and amenity that urban trees have been
shown to provide (AP-U6).

£

Ecosystem services
The CityTree is designed to provide regulatory and
cultural ecosystem services. No data were available
to quantify the amount of air pollution absorbed by
CityTree, but monitoring is on-going. The CityTree has been
found to locally reduce air temperature (by up to 10 degrees
Celsius). The units can complement other IGGI measures like
Trees for Health (AP-U6) and Green screens (CS-U3 and CSU4) which can be used in dense urban areas.
Social value
As large and distinct pieces of street furniture with
the capacity to provide digital interactive experiences
and live air quality data they provide opportunities for
public engagement, awareness raising and education on related
health, wellbeing, and environmental issues of urbanisation.
Reputation
The Glasgow trial of the CityTree is being carried out
as part of wider city-wide initiatives to improve air
quality and adapt to climate change.
Further data
Green city solutions.
https://greencitysolutions.de/en/contact/
Sanger, P., Splittgerber, V. (2016). The CityTree: A Vertical
Plant Filter for Enhanced Temperature Management, 75- pp. In
Leal Filho, W. (ed.), Innovation in Climate Change Adaptation,
Climate Change Management, Springer. DOI 10.1007/978-3319-25814-0_6
Contacts
Malgorzata Olesiewicz:
m.ole@mygcs.de
Megi Zhamo:
m.zhamo@mygcs.de

This forms part of Naylor, LA., Kippen, H, Coombes, MA., et al. (2017). Greening the Grey: a framework for integrated green grey infrastructure (IGGI).
University of Glasgow report. URL: http://eprints.gla.ac.uk/150672/
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These examples present IGGI innovations that have little
or no data, where suggestions of what the benefits might
be are made.

Car park rain garden
A small rain garden located within a car park in
Edinburgh, Scotland. The plants and permeable ground
allow for infiltration, thus reducing flood risk.

Roadside planting
A small area of green planting at the roadside close to
the University of Glasgow, Scotland. The plants will help
to intercept and trap pollutants and also improve the
aesthetic value of the area.

Linear orchard
A narrow linear orchard (< 2 m wide) planted at the back
of a car park that provides an edible and educational
resource for a local social enterprise community centre
in a deprived area of Glasgow. It also provides a visual
barrier between the car park and a light industrial estate.

Industrial estate planting
A small area of green planting in an industrial estate in
Liverpool, England. The plants will help to intercept and
trap pollutants and also improve the aesthetic value of
the area.

This forms part of Naylor, LA., Kippen, H, Coombes, MA., et al. (2017). Greening the Grey: a framework for integrated green grey infrastructure (IGGI).
University of Glasgow report. URL: http://eprints.gla.ac.uk/150672/

Inner city greened benches
Several small areas of green planting with benches
attached as part of the design in London, England. As
well as trapping pollution and reducing runoff into sewer
systems these areas provide a public amenity.

Sunken rain garden
A sunken rain garden beside a large building in London,
UK. As well as improving the visual aesthetic of the area,
this rain garden will greatly reduce runoff into sewer
systems.

Green pillars
Some greened pillars in London, England. Over time the
vegetation will expand to form a canopy thus improving
the visual aesthetic of the area and increases pollutant
capture.

Living wall London
A living wall made up of many different species of plant
in London Heathrow, England. This wall will control
humidity and reduce ambient noise as well as serving
to increase the visual aesthetic of the room and thus
improve associated mental health.

This forms part of Naylor, LA., Kippen, H, Coombes, MA., et al. (2017). Greening the Grey: a framework for integrated green grey infrastructure (IGGI).
University of Glasgow report. URL: http://eprints.gla.ac.uk/150672/

Tottenham floating reed beds
The installation of floating reed beds as part of the Love
the Lea project in Tottenham, England; they were funded
by HSBC’s corporate social responsibility initiative. The
beds will help to improve water quality and bring the river
into line with WFD objectives

Lea greened embankment
A greened embankment of the River Lea in Tottenham,
England. As part of the Love the Lea project, this
embankment will help to intercept pollutants entering the
river and improve water quality.

Manchester green street divider
A small greened area that had been used to separate the
carriageway from the cycle lane in Manchester, England.
As well as improving the aesthetic value of the area,
the greened area will help to intercept and trap traffic
pollution, thus protecting cyclists and pedestrians.

Bee planter
A small planter filled with various types of vegetation
in North Berwick, Scotland. The main function of this
planter is to provide sources of nectar for bees in order
to increase local populations.

This forms part of Naylor, LA., Kippen, H, Coombes, MA., et al. (2017). Greening the Grey: a framework for integrated green grey infrastructure (IGGI).
University of Glasgow report. URL: http://eprints.gla.ac.uk/150672/

Green traffic island
A greened area in the centre of the road in Vancouver,
Canada. As well as improving the aesthetic value of the
area, the greened area will help to intercept and trap
traffic pollution.

Green road embankment
A green road embankment in Vancouver, Canada. As
well as improving the aesthetic value of the area, the
greened area will help to stabilise the soil preventing any
material being washed onto the road surface as well as
intercept and trap traffic pollution.

Green pedestrian subway embankment
This image shows a green embankment above a
pedestrian subway in Windsor, England. As well
as improving the aesthetic value of the area, this
embankment will also improve connectivity between
habitats.

Green arches
Metal arches that have been added with climbing plants
starting to grow up and over the road surface. This will
improve amenity on Newcastle University’s campus and
attenuate rainfall as well as absorb pollutants when fully
grown.

This forms part of Naylor, LA., Kippen, H, Coombes, MA., et al. (2017). Greening the Grey: a framework for integrated green grey infrastructure (IGGI).
University of Glasgow report. URL: http://eprints.gla.ac.uk/150672/

